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will continue to improve as additional technologic innova-
tions result in superior images with lower doses.

DVORA CYRLAK, MD
Orange, California
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Noninvasive Doppler Ultrasonography of
Carotid Arteries
THE DEVELOPMENT of Doppler ultrasound has greatly en-
hanced our ability to diagnose a variety of arterial and venous
diseases. To date, one ofthe primary indications for the use of
Doppler ultrasound is in investigating cases of possible extra-
cranial carotid artery occlusive disease. This is often referred
to as carotid duplex scanning,which is a combination of high-
resolution real-time imaging of the carotid arteries with
pulsed Doppler wave form and spectral analysis.

In general, patients with a clear-cut history of transient
ischemic attacks or reversible ischemic neurologic deficits are
studied primarily with selective carotid angiography. Carotid
duplex scanning is generally reserved for screening patients
who have either an asymptomatic carotid bruit or an unclear
history of a transient ischemic attack. In direct comparison
studies with selective angiography, carotid duplex scanning
has proved to be a reliable technique in showing significant
atherosclerotic stenoses at the carotid bifurcation, with accu-
racies ranging from approximately 85% to 95%. In fact,
some authors claim an increased sensitivity for carotid duplex
scanning by its ability to detect relatively small plaques that
may go undetected by a study such as angiography, which
merely shows intraluminal anatomy rather than direct mural
lesions.

Specific Doppler criteria for estimating the extent of ste-
nosis have been established by several authors using either a
ratio ofmaximal peak systolic internal carotid flow velocity to
maximal common carotid peak systolic flow velocity or using
the overall quantitative peak frequency shift obtained within
the internal carotid. In persons with normal anatomy, there
are both characteristic sounds and wave forms of the internal
carotid, external carotid and common carotid arteries. One of
the great advantages of carotid duplex scanning is that it
combines both anatomic information by virtue of high-resolu-
tion real time with the ability to diagnose physiologic distur-
bances and blood flow with pulsed wave form Doppler
analysis. Approximately 10% of carotid bifurcations cannot
be adequately imaged with carotid duplex scanning because of
a high cervical location ofthe bifurcation.

One of the major limitations of carotid duplex scanning is
that it is operator-dependent. It requires significant experi-
ence and commitment to mastering this technique to achieve
good results. In experienced hands, however, it is a relatively
rapid, noninvasive and inexpensive method of evaluating the
carotid bifurcation for significant atheromatous stenoses. To
date, the sensitivity for carotid duplex scanning in diagnosing
ulcerations is not known, however, because of the inherent
tomographic nature of this technique; partial voluming of an

irregularly surfaced plaque may lead to misdiagnosis. Be-
cause of the ability of carotid duplex scanning to directly
image a plaque, in some instances it is possible to characterize
the histologic features of a plaque by its sonographic appear-
ance. Calcified plaques produce areas of high-amplitude
echoes with acoustic shadowing. Intraplaque hemorrhage has
received a greal deal of interest in the surgical literature and
may be responsible for significant neurologic symptoms, as
platelet-aggregate emboli may ensue. Early reports suggest
that carotid duplex scanning may have a role in the diagnosis
of intraplaque hemorrhage, indicating a biologically unstable
plaque even in the absence of a hemodynamically significant
stenosis.

When compared with other less invasive techniques such
as intravenous digital subtraction angiography, carotid du-
plex scanning has a number of distinct advantages. First, it is
not dependent on patient motion or cardiac output. Second, it
is completely noninvasive and does not involve intravenous
administration ofany contrast media. Third, it is significantly
less expensive and often less time consuming. In summary,
carotid duplex scanning has proved to be a reliable and clini-
cally useful technique in experienced hands in evaluating sig-
nificant carotid bifurcation disease.

R. BROOKE JEFFREY, MD
San Francisco
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Magnetic Resonance Imaging
EXPERIENCE WITH the use of magnetic resonance (MR) im-
aging for clinical diagnosis has been ongoing for more than
three years at several centers in the United States and in Great
Britain. It is now clear that MR imaging will assume an
important place in clinical diagnosis and biomedical re-
search. It has the following distinct advantages: soft tissue
contrast resolution far exceeding the limits of computed to-
mography (CT) and ultrasonography, absence of possible
mutagenic effects inherent with ionizing radiation, unequiv-
ocal blood pool identification without the need for contrast
media and direct imaging in multiple planes (coronal, sagittal,
transverse).

These diagnostic advantages have already been recog-
nized for imaging of four parts ofthe body. MR imaging is the
procedure of choice for most purposes in evaluating the cen-
tral nervous system (CNS), including the spinal cord. Among
its advantages are definitively diagnosing leukoencephalopa-
thies such as multiple sclerosis, greater sensitivity for de-
fining brain lesions compared with using CT, improved
depiction of lesions in the posterior fossa through sagittal
images and freedom from bony artifacts and visualizing the
spinal cord without contrast media and discriminating various
pathologies within the cord itself.

The natural contrast between the blood pool and cardio-
vascular structures makes it valuable for cardiovascular im-
aging. Recent studies have shown its accuracy for the
completely noninvasive evaluation of aortic aneurysms and
dissections; tumor and bland thrombi within cardiac cham-
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bers, arteries and veins; intracardiac and paracardiac masses;
presence, site and complications of myocardial infarctions;
constrictive pericarditis; hypertrophic cardiomyopathies,
and congenital heart disease. Recent reports have indicated its
capability for directly visualizing acutely infarcted myocar-
dium and differentiating infarcted from normal myocardial
tissue.

High-contrast resolution and multiplanar image acquisi-
tion make MR imaging an important modality for imaging of
the pelvis, including the diagnosis and staging of prostate,
bladder and gynecologic tumors. The sharp discrimination of
endometrial and myometrial layers provides the capability to
evaluate focal, small tumors and to assess response to onco-
therapy and hormonal interventions. Accuracy for the early
diagnosis of renal transplant rejection has been shown.

Musculoskeletal applications are now becoming evident:
early identification of avascular necrosis, the medullary ex-

tent of bone tumors and lumbosacral disc disease. The recent
introduction of thinner tomograms (2.5 mm) extends the uses
ofMR imaging for evaluating disc disease.

The enormous potential of MR imaging has been clearly
evident in the first years of clinical operation. The future role
is probably underestimated, however, since MR imaging is
being compared with other modalities at a time when it is still
an immature and rapidly evolving technology.

CHARLES B. HIGGINS, MD
San Francisco
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